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3. Introduction  
 
Non- communicable diseases (NCDs) are the most prevalent cause of deaths worldwide 
(1, 2). In 2016, about 41 million deaths worldwide were caused by NCDs, with the 
majority due to four main conditions: cardiovascular disease (CVD) (44% of all NCD 
deaths), cancer (22%), chronic respiratory disease (9%), and diabetes (4%) (1). Although 
the risk of dying between ages 30 and 70 from any of those four main NCDs decreased 
from 22% in 2000 to 18% in 2016, it is still a major health concern (1). Obesity and 
overweight are important risk factors for several NCDs, such as CVD and diabetes (2). 
Obesity and overweight are widely prevalent: In 2014, 39% of adults were overweight 
and 13% obese (2). In children a worldwide increase of overweight and obesity 
prevalence during the last few decades was observed: in 2000 the percentage of 
overweight or obese children younger than 5 years of age was 4.9% whereas it increased 
to 5.9% by 2018 (3). It is suggested that this increasing trend will continue and rise up to 
a worldwide prevalence of 11% by 2025 (2). In 4 to 7-year-old European children, 
percentage of overweight ranged in 2012 from 8% to 30% and obesity from 1% to 13%. 
In Germany and Belgium were lowest rates observed and highest in southern European 
countries, such as Greece and Spain (4).  
In addition to overweight and obesity, elevated blood pressure and dyslipidemia are 
further risk factors for CVDs, favoring the development of atherosclerotic plaques (2, 5 , 
6). An increasing prevalence of dyslipidemia and high blood pressure has been reported 
in childhood (7). The presence of these risk factors during childhood has been associated 
with increased risks of dyslipidemia, hypertension, and CVD in adulthood (8-10). 
Another risk factor for CVDs is hyperglycaemia (11), which increases the likelihood of 
developing insulin resistance and diabetes (12, 13). Due to the high prevalence of NCDs, 
their early onset, and the propagation of their development by overweight/obesity and 
altered lipid and glucose metabolism in childhood, factors enhancing or causing the 
development of NCDs and their risk factors in young ages need to be identified. 
Introduction 
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Sugar intake as proposed risk factor for NCDs, and mediating factors 
Several lifestyle factors have been identified as risk factors for NCDs or as mediators for 
NCDs such as overweight/obesity, or altered glucose or lipid metabolism. These include 
air pollution, tobacco use, physical inactivity, alcohol abuse, and a poor quality diet (1, 
14). Several health institutes focus on nutrition and encourage people to improve their 
diet to decrease the prevalence of overweight/obesity, altered glucose or lipid 
metabolism, and NCDs (2, 15, 16). Beside recommendations of e.g. increasing vegetable, 
fruit, and fiber intake and limit salt and meat intake, one important characteristic of a 
healthy diet is to limit sugar intake (16, 17). Most health institutes differentiate between 
three types of sugars: first, “total sugar” (TS), which comprises all mono- and 
disaccharides; second, “added sugar”, which includes all types of sugars, which are added 
to food or beverages during food production, processing, or preparation; and lastly “free 
sugar” (FS), which consists of added sugar and sugars naturally prevalent in honey, 
syrups, and fruit juices (17). In general, naturally and added sugars are metabolized in the 
same way by the body. Nevertheless, food products with ‘added sugar’ or FS have, in 
general, a lower nutrient density compared to food products with naturally occurring 
sugar (18).  
During the last few decades, high sugar intakes have become highly prevalent in adults 
as well as in children (17, 19). In a review by Azaïs-Braesco et al., which included data 
from 10 European countries, TS intake in adults (N~20,000) ranged from 15 to 21% of 
total energy intake (TEI) and from 16 to 26% in children (N~9,000) (20). In a Dutch 
survey performed between 2007 and 2010, energy percentage from TS in men and women 
(7 to 69 years) was estimated as 22% and 14% from FS. Sugar consumption in adults was 
reported to be lower than in children: in children (7 to 8 years) TEI from TS was 28% and 
20% from FS (21). In German children (3 to 18 years) from the DOrtmund Nutritional 
and Anthropometric Longitudinally Designed (DONALD) study, 24 to 28% of TEI came 
from TS and 15 to 18% from FS (22). In the multicentric European Identification and 
Introduction 
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prevention of Dietary- and lifestyle-induced health EFfects In Children and infantS 
(IDEFICS) study including children from 2 to 9 years of age (from Germany, Sweden, 
Estonia, Spain, Cyprus, Italy, Hungary, Belgium), energy from TS was estimated as 23% 
and FS as 18%, ranging  in FS intake from 13% in Italy to 27% in Germany (23).  
There is  increasing  concern that high intakes of sugar, particularly added sugar, FS, and 
sugar-sweetened beverages (SSB), favor the development of overweight and obesity (17, 
24, 25), as well as alter lipid and glucose metabolism by contributing to high triglyceride 
(TG), total cholesterol (TC), and low-density lipoprotein cholesterol (LDL-C) , and low 
high-density lipoprotein cholesterol (HDL-C) concentrations (26-32). This is in line with 
altered concentrations of insulin, glucose, and high homeostasis model assessment 
(HOMA) levels (33-35). Therefore, the American Heart Association recommended in 
2017 to limit added sugar intake in adults to ≤25g (100 kcal or about 6 teaspoons) per day 
(36). In 2015 the World Health Organization (WHO) focused on FS and recommended 
for children and adults to decrease the contribution of FS intake to TEI below 10% and 
suggested to aim at a lower energy intake from FS of less than 5% (17). Those 
recommendations are, however, mainly based on research results investigating sugar 
intake on dental health. Studies examining the effect of increasing sugar intake on various 
outcomes, such as overweight and obesity, CVD, and diabetes, are still inconclusive (17).   
Despite these recommendations, sugar intakes in children and in adults are generally 
above the recommendation of 10% of TEI from FS. In the European Identification and 
prevention of Dietary- and lifestyle-induced health EFfects In Children and infantS 
(IDEFICS) study, less than 20% of children were beyond 10% of TEI from FS and in a 
Dutch survey, only 5% of children met the WHO recommendation (21). While sugar 
intakes in children and adults are currently high and in general above the 
recommendations, sugar consumption seems no longer to rise, but even partly to decrease 
(22, 37). Health institutes expect that due to the reduction in sugar intake a decrease in 
NCDs and their risk factors will be achieved (17, 25, 36). 
Introduction 
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Outline of this doctoral thesis 
The objective of this doctoral thesis is to examine whether sugar intake in early childhood 
has an influence on two different risk factors of NCDs: overweight and obesity, and 
unfavorable blood markers of lipid and glucose metabolism. This compromises also 
different types of sugars and sugar intake from major sugar contributing food groups, as 
milk products, fruit products, confectionaries, SSBs, and bread and cereals. First, the 
association of TS and FS intake from SSBs and fruit juices with anthropometric measures 
and the development of overweight and obesity is determined in a longitudinal analysis 
from 2 to 8 years of age. Afterwards the effects of TS and TS from major food groups on 
blood markers of lipid and glucose metabolism will be investigated at 8 years of age.  
Data is drawn from the “Childhood Obesity Project” trial (CHOP), a European 
multicenter double- blind randomized nutritional intervention trial during the first year of 
life with long-term follow-up. Healthy term infants born after uncomplicated singleton 
pregnancies were recruited in five European countries (Belgium, Germany, Italy, Poland, 
Spain) and randomized to a higher or lower protein content formula (38). In addition, a 
reference group of breastfed children was recruited. Participating children were followed 
up until the age of 11 years. The primary aim of the CHOP study was to investigate how 
lower or higher protein content formula influences the growth development of children. 
Data from 2 to 8 years of age were used in the analysis of this doctoral thesis. Nutrition 
was assessed by 3-day-weighed food protocols, which is considered as the method that 
assesses dietary intake most precisely [36]. An outline of the specific research questions 
and methodological approaches will be presented in the following.  
Publication I 
In the first publication of this thesis, the focus lies on the association of TS intake with 
overweight and obesity. Several studies indicate that increasing sugar intake is linked to 
higher weight gain in children and adults (17, 25). Yet, published studies are still 
Introduction 
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inconclusive as to whether an association of the nutrient sugar itself with anthropometric 
measures exists or whether the reported associations are due to increased TEI during a 
diet with high sugar intake (39, 40). Te Morenga et al. concluded in their meta-analysis 
that the effect of sugar intake on body fatness is due to altered energy balance and less 
due to physiological mechanisms of mono- and disaccharides (39). This is supported by 
several other researchers (41, 42). Nevertheless, randomized controlled trials and cohort 
studies, especially in children, are limited and cover often only a short age period (39, 
42). Additionally, results may vary depending on age, type of sugar examined (e.g. TS, 
FS, added sugar, or specific sugars like fructose), form of sugar intake (e.g. liquid or 
solid), and whether an adjustment for TEI was performed (39-41). Therefore, this 
association is optimally investigated in a cohort with the possibility to examine 
longitudinal changes, different forms of sugar intake, and with and without adjustment 
for TEI. As all this information are available in the CHOP study, the trial was suitable for 
the investigation of the association of sugar intake with anthropometrics.  
Nutrition in the CHOP study was assessed yearly from 2 to 6 years and at 8 years of age 
by 3-day-weighed food protocols. On the basis of the German food composition database 
(BLS II, Federal Institute for Risk Assessment [BfR]; www.bfr.bund.de) nutrient intakes 
were calculated, because it was the most comprehensive and most appropriate database 
at the time of study planning. As nutrition data and anthropometry were measured at 
several time points, a longitudinal analysis was performed.  
When looking at sugar intake and its relation to weight, which is highly correlated to TEI, 
it is important to take TEI into consideration in the analysis. There are four techniques, 
which are widely used to adjust for energy intake: the energy- adjusted/ residual method, 
the standard multivariate method, the energy partition method, and the multivariate 
nutrient density method (43). 1) In the energy- adjusted/ residual method (SugarResidual 
/ SugarResidual + TEI), the TEI is regressed on the investigated nutrient and the residuals 
from this regression are used in further analysis. If the outcome of the further analysis is 
Introduction 
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highly TEI dependent, like overweight, it is recommended to additionally adjust for TEI 
in the analysis. 2) In the standard multivariate method (SugarCal + TEI) the calories from 
the investigated nutrient are included into the model and additionally adjusted for TEI.  3) 
The energy partition method (SugarCal + OtherMacronutrientsCal) includes calories from 
the investigated nutrient and the calories from all other macronutrients. 4) The 
multivariate nutrient density method (Sugar% + TEI) uses the energy percentage of the 
investigated nutrient and adjusts additionally for TEI. For every macronutrient or nutrient 
analysis, it should be carefully considered which method fits best for the hypothesis of 
the investigation (43). As in this doctoral thesis increasing intake of calories from sugar 
intake, and for example not the increasing energy percentage from sugar intake compared 
to other nutrients, should be investigated, the energy-adjusted/residual method was 
chosen. Another advantage of this method is that it takes the high correlation between 
TEI and the outcome BMI as well as the high correlation of sugar intake with TEI into 
consideration, which makes it suitable for the analysis of this thesis.  
It was shown that on an energy-equivalent basis, increasing TS is associated with lower 
BMI and fat mass index (FMI) z-score (BMI and FMI standardized for age and gender). 
Contrary, in an ad libitum diet with increasing TS, without adjustment for TEI, an 
association with increasing zBMI and zFMI was observed. Neither increasing the SSB 
intake, nor increasing the fruit juice consumption was associated with zBMI or zFMI on 
an energy-equivalent basis. No changes over time were seen. Therefore, no indication is 
provided that TS intake of children increasingly affects BMI or FMI on an energy-
equivalent basis. This supports the conclusion of Te Morenga et al. and Rippe et al. (39, 
41, 42). Attention should be directed more on reducing TEI to prevent overweight. 
Nevertheless, dietary products with high sugar intake, especially with free sugars, are 
often accompanied by a high energy density and low nutritional density and add 
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Publication II 
The second part of this doctoral thesis investigates the influence of sugar intake on blood 
risk markers of disorders such as CVD and diabetes. This comprises blood lipids, 
including triglycerides (TG), low density lipoprotein cholesterol (LDL-C), high density 
lipoprotein cholesterol (HDL-C), total cholesterol (TC), and the TG/HDL-C ratio, as well 
as markers of glucose metabolism, including insulin, blood glucose, and the homeostasis 
model assessment (HOMA) as a marker for insulin resistance. There are several 
physiological mechanisms explaining how increase in sugar intake might lead to 
unfavorable blood markers of blood lipid or glucose metabolism: high fructose intake has 
been shown to stimulate hepatic fat synthesis (44, 45), leading to increased circulating 
concentrations of TG and TC, while endothelial lipoprotein lipase activity in adipose 
tissues decreases, which reduces peripheral lipid clearance (44-46). In addition, some 
sugar types, such as glucose and maltose, are rapidly absorbed and utilized. This rapid 
absorption induces a quick increase of plasma glucose and insulin levels, which may 
cause insulin resistance, inflammation, and increased long-term cardiovascular risk (45).  
Some epidemiological studies reported a significant association of high dietary sugar 
intakes with unfavorable TG, LDL-C, HDL-C, TC, TG/HDL-C ratio, insulin, glucose, 
and HOMA values (26-35). In a meta-analysis by Te Morenga et al. investigating mainly 
adults, a high sugar diet was associated with increased TG, LDL-C, and TC 
concentrations (26). However, these results may also be influenced by dietary advice 
within the studies and less due to increasing sugar intake (26). High quality randomized 
control trials and cohort studies are limited in children (26). Therefore, studies in children 
are especially needed to identify whether sugar intake in children is associated with blood 
markers of lipid and glucose metabolism. Hence, those associations were investigated in 
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In the CHOP study, both nutritional intake and blood markers were assessed at follow-up 
at 8 years of age. Therefore, a cross-sectional analysis was applied using linear regression 
models. Our analysis shows that HDL-C is the only blood marker which was significantly 
and negatively related to sugar intake. This was mainly driven by increased sugar intake 
from SSBs. For none of the other blood markers of lipid or glucose metabolism an 
association with sugar intake in 8-year-old children was observed. However, even the 
association with HDL-C was weak. A potential association of sugar intake, particularly 
from SSBs, with long-term NCD risk should be explored in further studies. 
Contribution to the publications 
For both publications I developed the specific research questions and conducted a 
statistical analysis plan to investigate those research questions. In accordance to the 
specific hypotheses, I adapted the pre-existing dataset, which was already collected and 
entered into the database by the different co-authors/partners from the five study 
countries. Following my statistical analysis plan, I analyzed the processed dataset using 
SAS 9.4. Both manuscripts were drafted by me and reviewed from all coauthors. I 
incorporated suggestions from co-authors and finalized both manuscripts for publication 
in the peer-reviewed scientific journals. I was in charge of the submission process to the 
journals and was responsible for the revision of the manuscripts according to the 
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4. Summary  
Introduction:  
High sugar intake has been suggested to be involved in the development of overweight 
and obesity and several associated NCDs such as diabetes and CVD. The aim of this 
doctoral thesis is to investigate whether a higher sugar intake in children is associated 
with two different risk factors of NCDs, i.e. overweight and obesity, and unfavorable 
blood markers of lipid and glucose metabolism. 
Methods:  
Data was drawn from the CHOP trial, a randomized controlled nutritional intervention 
trial in the first year of life with long- term follow-up. Infants from five European 
countries (Belgium, Germany, Italy, Poland, Spain) were randomized to feeding with a 
higher or lower protein content formula, and an additional breastfed reference group was 
recruited. Nutrition was assessed yearly from 2 to 6 years of age and again at age 8 years 
using 3-day-weighed food protocols. Anthropometric measurements were taken from 2 
to 8 years of age, at the same time as nutrition assessments. A longitudinal analysis was 
performed to investigate the influence of sugar intake on age and gender standardized 
body mass index (BMI) and fat mass index (FMI) over time. A cross-sectional analysis 
at 8 years of age examined the association of sugar intake with several blood markers of 
lipid and glucose metabolism.   
Results:  
While increasing TS intake in an ad libitum diet was positively associated with BMI and 
FMI z-score, a negative association was observed on an energy-equivalent basis (zBMI: 
-0.033; 95% CI: -0.061, -0.005, zFMI: - 0.050; 95% CI: - 0.089, - 0.011 at an increase of 
100 kcal from TS). Looking at blood markers, an increased consumption of 100 kcal from 
TS was significantly associated with a HDL-C z-score decrease (-0.14; 95% CI: -0.01, 
- 0.27). Increase of TS intake from SSBs showed the strongest association with a decrease 
in HDL-C z-score (-1.67; 95% CI: -0.42, -2.91). For none of the other investigated 
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markers of lipid or glucose metabolism a significant association with TS increase or TS 
increase of major food groups was observed.  
Conclusions:  
Results indicate that increasing TS intake in childhood does not affect overweight or 
obesity on an energy-equivalent basis. Additionally, on an energy-equivalent basis only 
HDL-C was unfavorably influenced by increasing TS intake and this association was very 
weak. The analysis of the current thesis suggests that increasing TS on an energy-
equivalent basis in childhood have little impact on the investigated risk factors of NCDs. 
Therefore, for prevention of NCD risk factors in early childhood the reduction of TEI 
should be rather focused on. Nevertheless, a diet with a high sugar intake is generally not 
recommended, since dietary products with high sugar intake, especially with free sugars, 
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5.  Zusammenfassung 
Einleitung:  
Es wird angenommen, dass eine hohe Zuckeraufnahme an der Entstehung mehrerer nicht- 
übertragbarer Krankheiten, wie kardiovaskulären Erkrankungen und Diabetes, beteiligt 
ist und ebenfalls Übergewicht und Adipositas fördert, das als Risikofaktor für 
verschiedene nicht-übertragbare Krankheiten gilt. Ziel dieser Dissertation ist es, zu 
untersuchen, ob eine zunehmende Zuckeraufnahme bei Kindern mit zwei 
unterschiedlichen Risikofaktoren für nicht-übertragbare Krankheiten assoziiert ist: 
Übergewicht und Adipositas und unvorteilhafte Blutmarker des Lipid- und 
Glukosestoffwechsels. 
Methoden:  
Die verwendeten Daten stammen aus der CHOP-Studie, einer randomisiert kontrollierten 
Ernährungsstudie im ersten Lebensjahr mit einer langfristigen Nachuntersuchung der 
teilnehmenden Kinder. Neugeborene aus fünf Europäischen Ländern (Belgien, 
Deutschland, Italien, Polen, Spanien) erhielten eine Formula mit niedrigeren oder höheren 
Proteingehalt. Zusätzlich wurde eine Referenzgruppe mit gestillten Säuglingen rekrutiert. 
Die Ernährung wurde mit 3-Tage-Wiegeprotokollen jährlich im Alter von 2 bis 6 Jahren 
und erneut im Alter von 8 Jahren erfasst. Durch eine zeitlich parallele Erfassung der 
Anthropometrie konnte eine Längsschnittanalyse durchgeführt werden, um den Einfluss 
der Zuckeraufnahme auf geschlechts- und altersstandardisierten Body Mass Index (BMI) 
und Fat Mass index (FMI) über die Zeit zu betrachten. Blutmessungen und 
Ernährungsdaten waren nur im Alter von 8 Jahren zum gleichen Zeitpunkt verfügbar. 
Daher wurde zu Untersuchung des Zusammenhangs zwischen Zuckeraufnahme und 
verschiedenen Blutmarkern des Lipid- und Glukosestoffwechsels eine 
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Ergebnisse:  
Während eine erhöhte Gesamtzuckeraufnahme in einer ad-libitum-Ernährung positiv mit 
zBMI und zFMI assoziiert war, wurde auf energieäquivalenter Basis eine negative 
Assoziation beobachtet (zBMI: -0,033; 95% CI: -0,061, -0,005, zFMI: - 0.050; 95% CI: 
- 0.089, - 0.011 bei einem Anstieg von 100 kcal von Gesamtzucker). Weiterhin war eine 
Zunahme von 100 kcal Gesamtzucker signifikant mit einer Abnahme des z-Scores von 
HDL-C assoziiert (-0,14; 95% CI: -0,01, -0,27). Die erhöhte Aufnahme von 
Gesamtzucker durch zuckerhaltige Getränke zeigte die stärkste Assoziation mit einer 
Abnahme der HDL-C Konzentration (-1,67; 95% CI: -0,42, -2,91). Keiner der anderen 
Blutfett- oder Glukosestoffwechsel-bezogenen Marker zeigte eine signifikante 
Assoziation mit einer erhöhten Gesamtzuckeraufnahme. 
Schlussfolgerungen:  
Die Ergebnisse deuten darauf hin, dass eine zunehmende Gesamtzuckeraufnahme auf 
energieäquivalenter Basis keinen Einfluss auf Übergewicht oder Adipositas in der 
Kindheit hat. Darüber hinaus wurde auf energieäquivalenter Basis nur HDL-C durch eine 
erhöhte Zuckeraufnahme ungünstig beeinflusst und dieser Zusammenhang erwies sich 
als eher schwach. Die Analyse der aktuellen Doktorarbeit legt nahe, dass eine erhöhte 
Gesamtzuckeraufnahme auf energieäquivalenter Basis im Kindesalter wenig Einfluss auf 
die untersuchten Risikofaktoren von nicht-übertragbaren Krankheiten hat. Deshalb sollte 
für die Prävention von Risikofaktoren von nicht-übertragbaren Krankheiten in Kindern 
eher auf die Reduzierung der Energiegesamtaufnahme Fokus gelegt werden. Dennoch 
wird grundsätzlich von einer Ernährung mit hoher Zuckeraufnahme abgeraten, da 
Produkte mit hohem Zuckergehalt, besonders mit vielen freien Zuckern, oft mit einer 
niedrigen Ernährungsdichte einhergehen und zur Ernährung entbehrliche und 
austauschbare Energie hinzufügen.
Publication I 
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6. Publication I 
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7. Publication II 
Publication II 
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